Introduction
Before presenting recent findings from the surveillance of cancer incidence in Duluth, it seems appropriate to review the history of the situation and the duration and intensity of exposure to amphibole in the city, which at the time of exposure had a population of approximately 100,000.
In 1973, amphibole fibers were discovered in the municipal water supply of Duluth through studies done by the Environmental Protection Agency. A Federal Court ruling indicated that the fibers were a result of a taconite mining company dumping taconite tailings wastes into Lake Superior since 1955 (1) . In the late 1950s, the mining company, which is located 50 miles northeast of Duluth on the lake, increased the amount dumped to approximately 67,000 tons per day, which continued into 1980. Taconite is lowgrade iron ore that is mined and processed into pellets of higher grade iron ore and shipped to steel mills on the Great Lakes. This particular *Chronic Disease Epidemiology Section, Minnesota Department of Health, 717 S.E. Delaware Street, Minneapolis, MN 55440.
supply of taconite is mined from amphibole-bearing rock. Cummingtonite-grunerite is the principal amphibole in this deposit.
U.S. EPA data on Duluth water samples in 1939-1940 and 1949-1950 indicated trace amounts of fibers, but samples from 1965 contained large amounts of amphibole. It is not known when amphibole fiber levels increased to those levels. The 1973 tapwater samples collected by EPA contained 1 to 30 million amphibole fibers/L, the level generally dependent on lake weather conditions and length of time the water was in the water distribution system (2 In 1974, because of the known health risk of cancer to those occupationally exposed by inhalation to asbestos (3) (4) (5) (6) (7) (8) (9) (10) (11) and the public health concern regarding the unknown risk of those ingesting asbestos from a public water supply, a study of cancer in Duluth residents was designed to determine cancer incidence during 1969-1981. Generally, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Results Tables 2 and 3 contain absolute numbers of Duluth cancer cases and average annual ageadjusted incidence rates of selected primary sites for males and females, respectively, in the cities Table 5 contains the number of cases of pleural and peritoneal malignant mesothelioma in residents of Duluth, by year of diagnosis during (18) . Other differences of Duluth cancer incidence rates may be important, and a longer time of surveillance coupled with evaluation of mobility and follow-up of the exposed population will need to be conducted before these issues can be resolved.
Needs of Further Research
In my opinion, it will be important to complete the analysis of study period [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] so that three solid years of data during [1979] [1980] [1981] around the 1980 census year can be analyzed. At that time, thorough review and analyses of all the data should be conducted. In addition, plans should be made to continue the surveillance, possibly using a modified methodology to accommodate the entire length of exposure of 17 yr and the induction periods of 30-50 yr. Furthermore, the intent of the study design was to incorporate methods for determining length of residency of Duluth cancer cases as a measure of length of exposure and also for determining migration patterns of the exposed population more scientifically than the Census Bureau data currently can permit. A basic problem in study methodology arises in such long-term surveillance when one questions to what degree the observed cancer incidence is measuring the occurrence of disease in the actual exposed population, even for the city of Duluth, which is considered to be a very stable population.
Similar questions also arise for this and other diseases perceived to be environmental threats to human health and yet having very long latent periods. These questions require new methodologies and procedures such as rapidly registering exposed individuals at time of exposure, taking biologic specimens, and incorporating methods of long-term follow-up. Such follow-up would be accomplished much more easily, and scientific study would probably be much more valid if it were possible to use some IRS records and Census Bureau records of individuals in large, exposed populations. Use of those records would greatly enhance and enable long-term follow-up in epidemiologic and biomedical research and would reduce the expense of more difficult and time-consuming follow-up procedures, which are now required (19) .
It is apparent that there is another major area of needed epidemiologic research regarding the health effects from the ingestion of asbestos in drinking water-the need for development of methods for clinical laboratory studies applied within an epidemiologic design, which would address questions related to low-level dose-response effects, host sensitivity and reactivity for large populations, and the effects of three variables known to affect carcinogenicity of asbestos fibers: the structure, geometry, and surface adsorption characteristics of fibers. Currently, it is difficult to predict the carcinogenic behavior of fibers in vivo in both animals and humans.
